Since its inception, the US Environmental Protection Agency (USEPA ) has, by necessity, been operating as if the health effects of ambient particulate matter (PM ) are independent of the PM chemical composition, and only a function of the particles' aerodynamic diameters (AD ), the mass concentration of the particles, and the averaging time of the exposure to the ambient PM. Although this may originally have been an expedient and practical executive decision for standard setting, in the absence of specific mixture toxicity composition information, it has spawned innumerable papers by authors who write as if they actually believe that all equal mass concentrations of ambient PM of identical AD have the identical toxicity. Perhaps they only remember the children's riddle, ''Which is heavier, a pound of lead or a pound of feathers?'' (There is no difference. ) and think that the answer to the query ''Which PM 0.8 concentration is more toxic, a mg /m 3 of ferrous sulfate or a mg / m 3 of ferric sulfate?'' is also ''There is no difference.'' But see Table 1 -there is a big difference! Another way to visualize the incorrectness of the assumption of mass -based toxicity is to consider 1 g mol /m 3 concentrations of different PM constituents of identical AD. If only mass determines toxicity, the ratios of their toxicities would be the ratios of their molecular weights, but molecular weight has absolutely nothing to do with toxicity.
The use of an ambient PM mixture mass concentration, independent of the toxicity or reactivity of its constituents, has led to a series of mass -based National Ambient Air Quality Standards (NAAQS ) for Total Suspended Particulate Matter (TSP; equivalent to $PM 30 ) -PM 10 and PM 2.5 . The PM Air Quality Criteria Document (USEPA, 1996 ) reports the different toxicological properties of many of the common sulfates and other chemical species found in ambient PM. For example, it cites Amdur et al. (1978 ) , who reported on ''Comparative irritant potency of sulfate salts.'' As shown in Table 1 , the relative irritant potency of sulfates in animal testing spans two orders of magnitude. Amdur et al. therefore concluded that ''The irritant potency of the sulfate species varies so widely that the term 'suspended sulfate' is toxicologically meaningless'' -but the USEPA PM standards and the California sulfate standard treat an exposure to each PM sulfate, at the same AD, concentration, and averaging time, as having exactly the same human health effect. Mage (1983 ) pointed out the difficulty with mass concentration PM standards, and wrote as follows:
The chemical composition of the respirable airborne particles determines the potency of the particles deposited in the lungs. . . the same concentration of particles does not imply the same health effect because of these composition differences. In a similar manner, a low concentration of a potent particle mix may be more hazardous than a high concentration of inert particles. . . How to relate the potential health effects of an arbitrary particle mix to its chemistry and size distribution remains a major unanswered question for today's researchers of air pollution.
Since that time, the discovery of human mortality correlated with ambient PM concentrations at low nonepisodic concentrations, well below the then -current PM NAAQS, stimulated great research interest in the effect of ambient PM composition on its toxicity. The National Research Council ( NRC, 1998) asked the crucial question, ''What are the exposures to biologically important constituents and specific characteristics of [ambient ] particulate matter that cause responses in potentially susceptible subpopulations and the general population?'' Many studies have sought to answer this question. Tsai et al. (1999 ) reported on variations of mortality with different PM constituents grouped by source categories, and found the important mortality -related sources to be oilburning, sulfate aerosol, industry ( sources of Zn and Cd ) and motor vehicles. They reported their conclusion that ''differences in chemical composition may play a role in the health effects of PM.' ' Godleski (1998) observed variations in canine electrocardiograms that were suggestive of incipient potentially fatal arrhythmia from exposure to concentrated ambient PM. The magnitude of these effects varied considerably from day to day, and he suggested that this may have been caused by a change in particle composition or other particle properties. He also found more responses to traffic emissions of PM than to coalderived sulfate particles. Turpin (1999) reported on a workshop sponsored by the Electric Power Research Institute to discuss options for characterizing organic PM to help elucidate the mechanisms and causes of aerosol health effects. The attendees reasoned that knowledge of the causal agents of PM -induced injury may lead to more effective PM control strategies. Laden et al. ( 2000 ) reviewed the PM composition data from the Harvard Six Cities Studies and found that daily fluctuations of PM from traffic emissions and coal combustion sources were positively associated with next -day fluctuations of mortality. However, they found that ''[ PM] of crustal origin, even in the fine fraction (PM 2.5 ) was not associated with increased mortality.'' This latter finding, that fine mode crustal PM is innocuous at ambient concentrations, completes the picture of crustal PM as being relatively inert, as earlier results from the same Harvard database showed no increase in mortality with increase in concentration of coarser particles between 2.5 and 10 m AD (Ö zkaynak and Thurston, 1987 ) . These results were as expected because in the US Dust Bowl of 1935, when PM concentrations of top soil crustal material (AD size unspecified ) were reported above 1 g /m 3 in Guymon, OK (Blue, 1938 ) , no next -day mortality increases were observed that could be associated with those high PM concentrations (Mage, 2000 ) . Lippman et al. (2000 ) reported on variations of mortality in Windsor, Ontario, with different PM constituents grouped by size range [TSP -PM 10 , PM 10 -PM 2.5 , PM 2.5 , particle acidity (H + ), and particle artifact -free sulfate ] , and found that the effects of TSP sulfate content and TSP -PM 10 were smaller and less significant than for the other size ranges. This finding is consistent with the others mentioned above, which found that coarse mode PM of crustal origin was inert in epidemiologic and toxicologic studies.
Paracelsus framed our present problem in finding the responsible toxic agents in ambient PM, as ''All substances are poisons if their dosages are high enough.'' However, at the same low dose in units of g /kg body weight /day, some substances can be inert ( NaCl ), some can be acutely toxic (NaCN ), and some can be chronically toxic (NaF ), leading to the title of this viewpoint, ''A particle is not a particle is not a PARTICLE.'' Although this concept is well known to most toxicologists and apparently to most, if not all, air pollution health scientists, the USEPA currently persists in treating all ambient PM species of a particular AD size range, save for H 2 O, as having the identical toxicity, whether they are like NaCl, NaCN, or NaF.
The NRC (1998 ) stated that the answer to their question about the toxic constituents of ambient PM, quoted above, ''can be critical to the choice of the measured indicators that would be specified in the NAAQS and to standard setting for these critical indicators.'' At the present state of knowledge concerning ambient PM toxicity, and its relative contributions from all the different chemical species found in ambient PM, it is impossible to say with any certainty which are the ambient PM species that are responsible for the mortality effects that are accepted to occur from exposures to the ambient PM mixture found in ambient air (USEPA, 1996 ) . However, it is possible to say with certainty which ambient PM constituents, like water, are not responsible for its acknowledged health effects.
As a first step towards creating a more scientific PM NAAQS that incorporates current knowledge of variations in ambient PM toxicity, perhaps we can all agree on the species that have virtually no measurable toxic properties for humans at the low concentrations found in the modern ambient atmosphere. Thus, epidemiologic analyses could well study non-trauma mortality effects of the non-inert species within the various ambient PM size fractions and improve the precision of the estimates of the related mortality effects. This procedure of discounting known inert materials is not unprecedented because the USEPA once established, such a NAAQS for hydrocarbons, a means to meet the NAAQS for atmospheric oxidants such as ozone. Recognizing that methane, a hydrocarbon, was inert in the photochemical reactions leading to ambient oxidant formation, the Agency quite logically defined a total nonmethane hydrocarbon ( NMHC ) 3 -h NAAQS of 0.24 ppm, measured between 6 and 9 a.m., local time. Similarly, soil dust constituents, and sea salts such as NaCl at or below concentration levels found in sea spray on the ocean and by the seashore, could be safely subtracted from the ambient PM mass collected because these inert species could not possibly be related to the next day mortality. Is this not the exact corollary to the accepted epidemiologic procedure of subtracting the number of trauma deaths that could not possibly be related to the previous -day ambient PM concentrations ( e.g., accidents and homicides ) from the mortality totals? Would this procedure not improve our ability to discern the underlying relationship between the suspected toxic agents such as industrial emissions of metals and fossil fuel combustion products, and the resulting ambient PM related mortality?
Perhaps it is time for the Agency to consider fostering such a novel approach that actually incorporates the relative toxicity of ambient PM species into the standard setting process, as recommended by NRC, and take this first step of reporting PM concentrations, less the acknowledged mass of toxicologically innocuous species, to facilitate epidemiologic studies that can better identify the toxic species responsible for the observed mortality effects of ambient PM.
